It was found that a stimulus frequency bias can affect forced-choice brightness ranking tests and is sufficient to affect the conclusions drawn. When a stimulus is compared against a range of comparison stimuli and judgements of relative magnitude are sought, the range of comparison stimuli should be selected to enable all possible responses to be given with approximately equal frequency to avoid a stimulus frequency bias.
Introduction
Brightness ranking is one of three categories of assessment technique that have been used to compare the brightness of lighting of different spectral power distribution (SPD). 1 Two stimuli are simultaneously presented and observers identify which one is the brighter-this is a forced choice, observers are not permitted to respond that the two stimuli appear equally bright. To identify the relationship between brightness and illuminance for a particular pair of lamps one stimulus is presented at several different illuminances whilst the second stimulus remains at a constant illuminance, with identification of the brighter stimulus being sought at each step. Subsequent interpolation yields the illuminance match at which the two stimuli would be noted as brighter with equal frequency, this being the illuminance ratio for equal brightness.
There is a potential source of experimental error in this work, that of stimulus frequency bias. 2, 3 This refers to the frequency of occurrence of stimuli yielding a particular response: when the frequencies of the stimuli are unequal, observers tend to respond as if the frequencies were more nearly equal. This may arise from a preconception of chance, leading an observer to expect that where a large number of responses are given, each of the permitted responses will be correct on an approximately equal number of occasions.
For brightness ranking tests, stimulus frequency refers to the distribution of comparison illuminances above and below the illuminance at which equal brightness is expected. If this distribution is fairly balanced, meaning the same number of comparison illuminances either side of that which is expected to gives equal brightness, then both stimuli will be identified as being brighter on a near equal frequency. However, if this distribution is not fairly balanced, meaning an unequal number of comparison illuminances either side of that which is expected to gives equal brightness, then one stimulus will tend to be identified as brighter more frequently than the other. At the expected equal brightness presentation, stimulus frequency bias could then cause identification of the brighter stimulus to be unfairly biased to one stimulus, the stimulus which is otherwise be less frequently identified as brighter. This can then suggest a difference between two stimuli when none exists.
This article uses data from two series of brightness ranking tests to investigate the prevalence and impact of the stimulus frequency bias. This provides evidence for the design of further studies and the re-analysis of previous work.
Experimental method
The two series of brightness ranking tests used the side-by-side booths as shown in Figure 1 and the light sources described in Table 1 . The viewing chamber of each booth is of dimensions 575 mm deep Â 680 mm wide Â 660 mm high, presenting a visual field of 38 0 wide by 37 0 high from the seated viewing distance of 1.0 metre in front of the central partition. The interior surfaces were painted matt grey (Munsell N5) and each contained identical coloured objects. The lamps were fitted behind the rear wall of the booths and thus could not be seen directly. Light was directed into the booths using an internally reflective pipe. An iris damper was installed in the pipe to permit mechanical dimming and an integrating chamber at the top of the booths ensured that changes in the type of light source and position of the iris damper did not cause significant differences in luminance distribution in the viewing chamber.
The aims of the two studies were to compare the brightness of lighting from high pressure sodium lamps (HPS) against lighting from lamps of poorer efficacy but higher colour rendering index (CRI). This is because the British Standard 4 for lighting in subsidiary streets now permits a trade-off between CRI and design illuminance, with lighting of high CRI (R a 460) being able to adopt a reduced design illuminance. The lamps of high CRI, two types of metal halide (MH1 and MH2) and a compact fluorescent (CFL), were thus individually compared against the HPS. The CFL, MH1 and MH2 lamps are hereafter collectively referred to as the white lamps.
The booth illuminated by the HPS lamp was presented at one of three reference illuminances, 2.0 lux, 7.5 lux and 15.0 lux, these being the bottom, middle and top classes of the S-series for lighting in subsidiary streets. 4,5 This gave mean luminances in the range of 0.09 cd/m 2 to 0.66 cd/m 2 on the rear wall of the booth. Illuminances are horizontal illuminances measured at the centre of the floor of the booths.
The booth illuminated by one of the white lamps was set to one of several steps of illuminance as shown in Table 2 . In Table 2 the illuminance at which the white light is expected y to yield equal brightness with the HPS is shown in bold font, and the ranges of illuminances either side of this point reveals where a stimulus frequency bias would be expected and its likely direction. For the tests with a biased stimulus frequency these were simply the full range of S-series illuminances, i.e. 2.0 lux, 3.0 lux, 5.0 lux, 7.5 lux, 10.0 lux and 15.0 lux. 4,5 For tests carried out with the HPS at 2.0 lux an additional comparison illuminance of 1.0 lux was used. It can be seen in Table 2 that when the HPS is presented at either 2.0 or 15.0 lux the allocation of expected brighter and dimmer comparisons is heavily biased, less so at 7.5 lux, and therefore this may unfairly influence the response given to the equal brightness presentation. For the tests with a balanced stimulus frequency the white lamps were presented at equal illuminance to the HPS and at four dissimilar illuminances equivalent to three S-class steps below and one step above the HPS illuminance, thus offering two presentations on each side of expected equal brightness. This required extrapolation of the S-series to create further classes of illuminance at each end of the series.
Light source location was counterbalanced between the left-hand and right-hand booths. The order of presentation of the white lamps was balanced across the observers but, due to apparatus limitations, when a white lamp was introduced it remained in continuous use for tests with all three reference illuminances. The order of presentation of reference illuminances was balanced across the observers but again when a reference illuminance was set this was continued whilst the whole range of comparison illuminances were presented. Test participants were confirmed colour normal using the Ishihara 6 test and were dark adapted for 20 mins prior to the commencement of tests. The two series of tests (i.e. biased and balanced stimulus frequencies) were carried out independently and hence there are slight differences in experimental design. The biased stimulus frequency tests employed four groups of twenty one observers, these different groups being employed to compare effects of observer age and interior colourfulness. The 84 observers were in the age range 18-85 years old with an approximate mean age of 42 years old, and 52 of them were female. The balanced stimulus frequency tests employed twenty one observers, these being in the age range 18-54 years old with an approximate mean age of 31 years, and 14 were female.
Null condition tests

Biased stimulus frequency
Null-condition tests were carried out using the same method as described above but with identical HPS lamps in both booths. The same three reference illuminances were used, 2.0 lux, 7.5 lux and 15.0 lux. The second booth was presented at the full range of S-series illuminances, from 2.0 lux to 15.0 lux, with the additional 1.0 lux level used when the reference illuminance was 2.0 lux. Assuming equal brightness at equal illuminance, these stimulus frequencies are highly biased, with one stimulus being presented at the higher illuminance in the majority of cases.
Eighty-four participants were used, these being the same participants who participated in the main brightness ranking tests. For half of the trials the lamps were swapped between the left-hand and right-hand booths to counterbalance unforeseen bias.
The results are shown in Table 3 , this being the percentage frequency by which the test booth was reported to be brighter. The test booth is that which was illuminated by the HPS lamp at the range of several illuminances, and the reference booth is that which was illuminated by the HPS lamp to one of the three reference illuminances. The results shown are only those where the illuminances of the two booths were equal. When the booths were not presented at equal illuminance, there was a frequency of almost 100% for the booth of higher illuminance to be noted as brighter-in only three out of 420 observations was the booth of lower illuminance reported to be brighter. A frequency of 50% would result from the test booth and reference booth being noted as brighter on an equal number of occasions.
The results were analysed using Dunn-Rankin variance stable rank sums 7 as has been applied previously to analyse similar data. 8 For the equal-illuminance presentations at 7.5 lux and 15.0 lux the test booth was reported to be brighter on a significantly greater number of occasions than was the reference booth ( p50.05 at 7.5 lux; p50.01 at 15.0 lux) despite the equality of the Table 2 Steps of illuminance used in brightness ranking tests. The illuminances shown in bold are those at which equal brightness with the HPS would be expected two stimuli. It is suspected that this is due to the stimulus frequency bias. At 2.0 lux the test booth was noted as brighter on fewer than 50% of observations, the trend expected from the stimulus frequency bias, but not significantly so.
Balanced stimulus frequency
In the balanced stimulus frequency nullcondition tests, two sets of identical lamp pairs were compared, HPS and CFL. The same three reference illuminances were used, 2.0 lux, 7.5 lux and 15.0 lux, but the comparison booth was presented at only three levels, these being equal illuminance to, and one S-class step above and below, the reference illuminance. Eighteen participants were used, aged 18-54 years old (of which only one was in the 45-54 age band, approximate mean 29 years old) and 11 were female. At each illuminance comparison, each of the participants provided four brightness assessments, counterbalancing presentation in the lefthand and right-hand booths and which lamp was nominated as the test or reference source. Hence there are 72 observations at each condition and the test was carried out by all participants under both the HPS and CFL lamps.
The results are shown in Table 3 . Again, this is only the results of the equal illuminance condition since when presented at dissimilar illuminances the booth of higher illuminance was identified as brighter in 100% of the observations. The percentage frequency with which the test booth was noted as brighter is now much closer to the expected 50% than was found with the biased stimulus frequency. Analysis using Dunn-Rankin variance stable rank sums identifies no significant difference between the test and reference booths at equal illuminance.
Comparison of null-condition results from the biased and balanced stimulus frequency tests shows that stimulus frequency can significantly affect the observer's response. Therefore the results of the main brightness ranking tests were examined to determine whether the bias was present and whether it affected conclusions drawn from the results.
Evidence of a stimulus frequency bias
Results of the balanced stimulus frequency tests are shown in Table 4 . These results give the percentage frequency with which the booth with the white lighting was reported to be brighter, and were analysed using Dunn-Rankin variance stable rank sums. At equal illuminance the white lamps are significantly brighter than the HPS ( p50.001). When the white lamps are presented at an illuminance one class of the S-series lower than the HPS the two booths are ranked equally bright, any difference is not statistically significant. When the white lamps are presented at an illuminance two classes of the S-series lower than the HPS then the HPS is found to be brighter in six of the nine cases ( p50.01), brighter in one case ( p50.05) and close to the critical value ( p % 0.05) in the remaining two cases. Results of the biased stimulus frequency tests are shown in Table 5 . At equal illuminances, booths lit by the white lamps are significantly brighter than booths lit by the HPS lamp ( p50.001). When the white lamps are presented at one S-series illuminance lower than the HPS, these booths are now noted as brighter than the HPS booth on a significantly greater number of observations for five of the nine cases, these being the CFL at 15.0 lux ( p50.05), the MH2 at 15.0 lux ( p50.01), and all three white lamps at 2.0 lux ( p50.01), but for the other four cases there is no significant difference in brightness (MH1 at 15.0 lux, all three lamps at 7.5 lux). When the white lamps are presented at two S-series illuminances below the HPS then the HPS booth is brighter for all combinations of lamp type and reference illuminance ( p50.001).
Statistical analysis of the results obtained when the white lighting was presented one S-series illuminance below the HPS leads to different conclusions being drawn from the biased and balanced stimulus frequency tests. A comparison of Tables 4 and 5 further reveals the stimulus frequency bias. Consider the results recorded with the HPS at 15.0 lux and the white lamps at 10.0 lux, a comparison at which approximately equal brightness was expected. With the balanced stimulus frequency, the nomination of brighter booth is allocated to both booths with almost equal frequency, but with the biased stimulus frequency the nomination of brighter booth is given more frequently to the booth lit by white lighting. Of the six matches made by an observer in the biased stimulus frequency tests at 15.0 lux, with four matches the HPS would tend to be reported as brighter but at only one match would the white lighting be reported to be brighter. Hence at the expected equal brightness presentation the allocation of brighter stimulus was biased towards the white lighting in an attempt to balance allocation of 'brighter stimulus' more equally between the two stimuli. Consider also the results recorded with the HPS at 7.5 lux and the white lamps at 5.0 lux. With the balanced stimulus frequency the allocation of brighter booth is given to the white lighting by a higher percentage than it is with the biased stimulus frequency, and this is consistent for all three white lamps, although for both series of tests the difference in brightness between the white lamps and HPS lamps is not significant. Of the six matches made by an observer in the biased stimulus frequency tests at 7.5 lux, with three matches the white lighting was reported to be brighter and at two matches the HPS would be reported to be brighter. Hence, at the expected equal brightness presentation, the allocation of brighter stimulus was biased towards the HPS in an apparent attempt to balance allocation of 'brighter stimulus', and this has reduced the frequency by which the white lighting is reported to be brighter compared to the tests using a balanced stimulus frequency.
At other conditions the results from the two sets of results tend to be in good agreement. This suggests that the stimulus frequency bias is not strong enough to bias observers' responses when there is a clearly noticeable difference in brightness between the two booths, it is only when the decision is made difficult by the absence of an 'equally bright' response option that the bias has significant effect.
Summary
Two series of brightness ranking tests were carried out, in one of which the distribution of comparison stimuli were balanced around the expected equal brightness condition and in the other they were not-the biased stimulus frequency. Examination of null condition data demonstrates that this can affect the observers' responses: when the two stimuli have equal illuminance, and are hence expected to appear equally bright, results from the biased stimulus frequency tests show a significant bias toward one stimulus whereas with the balanced stimulus frequency the allocation of brighter booth is more equally distributed. The bias is also identifiable in the main tests, those comparing HPS lighting with lighting from the white lamps, and this was of sufficient impact to affect conclusions drawn from the results. Therefore, the results from tests using a biased stimulus frequency must be considered unreliable. Stimulus frequency bias can be avoided in further work by ensuring that the stimulus range is equally balanced about the region of expected equal brightness. Illuminances for equal brightness can be estimated from brightness matching tests or from appropriate models-for brightness response at mesopic levels the model from Sagawa 9 has been found to give a good prediction. 10 properties and apparent brightness. This is an interesting paper for those who want to understand the intricacies of making accurate measurements of apparently simple perceptions. However, there are two questions that need to be answered before the conclusions can be accepted, both associated with differences between the biased and balanced stimuli conditions. The first question concerns possible differences between the biased and balanced conditions other than the number of stimuli either side of the balance point. Eighty four subjects were used in the biased study but only 21 did the balanced study. It is stated that the 84 were made up of 4 groups of 21, the 4 groups being designed to examine the effects of age and interior colourfulness. Does this mean that some of the data used for the biased conditions were collected from subjects of much greater age and from booths with different levels of interior colourfulness than when the balanced condition data were collected, and if so, are these differences important?
The second question also involves the number of subjects contributing to the data for the biased and balanced conditions. Because there are different numbers of subjects for the biased and balanced conditions, the sensitivities of the statistical tests will be different for the biased and balanced conditions. This should be apparent from the critical differences for the Dunn-Rankin variance stable rank sums test. What were these critical differences? Further, can the differences in the patterns of statistical significance between the biased and balanced conditions be explained by differences in statistical sensitivity?
One way to avoid these questions would be to restrict the data for the biased conditions to the group of 21 subjects who most closely match the 21 subjects used for the balanced conditions in age and exposure to interior colourfulness. By having the same number of subjects for both biased and balanced conditions, the sensitivities of the statistical tests are equal. It would give much more confidence in the conclusions if such a comparison showed the same pattern of results as those described in the paper. So far, this discussion has been focussed on the whether or not the stimulus frequency bias has been demonstrated. If it has, then the obvious question is what to do about it. The answer given by the authors is to equalise the number of stimuli presented either side of balance point. The problem with this suggestion is that you need to know the balance point before you can allocate the stimuli. In other words, you need to know the answer before you can ask the question. From the results presented it seems as though the cause of the stimulus frequency bias lies in the use of the forced choice response. This response system assumes that when there is no obvious difference between two stimuli, subjects will choose between them at random but this may not be true. An alternative is to abandon the forced choice response and to have an additional no-difference response category. The balance point would be determined by the condition for which the maximum number of no-difference ratings and the minimum number of brighter responses were obtained. Would this method be useful for side-by-side comparisons of the type described? Two points are discussed here. The first deals with the relevance of the side-by-side method for ascertaining brightness comparisons and the second considers an alternate hypothesis for the data presented.
Comment 2 on 'The Effect of A Stimulus Frequency Bias in Side-by-side Brightness Ranking Tests' by SA Fotios and C Cheal
The side-by-side method is inappropriate for the roadway application for the following reasons.
When a scene appears brighter, the pupils of the eye will become smaller. 1 This occurs even for the considered mesopic conditions. For normal people, the pupil size of both eyes will be the same, i.e. the pupil size of the left eye cannot be different than the right eye except under conditions of pharmaceutical intervention.
Consider viewing separately each of the rooms with its particular light spectrum when the other room has no light. There will be a brightness perception and also a pupil size associated with each room. If the rooms as viewed separately have different brightness perceptions then there will be a different pupil size associated with each room. Now if the two rooms are both lit and viewed simultaneously as in the Fotios study, it is not possible to have two different pupil sizes as the visual system is receiving a blend of the two spectra emanating from the two different rooms. Likewise there will be an unknown blending of spectra in the brain's perceptual channels 2 and although the two rooms may appear differently it is not possible to relate this percept to the condition of real interest. This condition is the brightness perception of each space unadulterated by light from the other and not the brightness perception of portions of a single space viewed with two different spectra present.
The presence of coloured objects in the test rooms also adds a further confounding condition as one does not know if the brightness judgments are based on object brightness or scene brightness. Scene or spatial brightness perception, in contrast to the central vision or foveally dominated specific object brightness, is the sense of overall brightness associated with viewing a room or a large space. Object brightness is essentially a cone driven response even in mesopia and therefore should be satisfactorily accounted for by photopic luminance and perhaps cone driven chromatic channel effects, whereas the scene brightness will have contributions from non-foveal Stimulus frequency bias in brightness ranking tests 51 receptors, e.g. rods. For the roadway application under consideration by Fotios, scene brightness is more likely the relevant perception whose determination is confounded by the method employed.
Turning to the second point, it is difficult to fully evaluate the study as several particulars of the experimental protocol are not provided. Among them are the length of time allowed for each judgment, the direction of gaze when the subject indicates a judgment, the order in which the different luminances were presented. Nevertheless from the information supplied it appears that as an alternative proposition the physiological effect of light adaptation, rather than the psychological premise proposed by Fotios, could explain the data.
When the fixed luminance room is lit to 15 cd/m 2 most of the presentations are at a lower value and the eye on the test side could be slightly more dark adapted to an overall level lower than the fixed side. Thus when the test presentation is 15 cd/m 2 it would appear brighter as shown. On the other hand when the fixed luminance room is lit at 2 cd/m 2 most of the test presentations are at higher luminance suggesting that the test side eye is slightly more light adapted to an average higher luminance. Thus the fixed side would appear brighter when the presentations are of equal luminance as shown. Since light and dark adaptations are not symmetrical the adaptation mechanism is consistent with the asymmetrical data (comparing effects at 15 lx and 2 lx) that are otherwise difficult to explain by the psychological premise.
Authors' reponse to PR Boyce and SM Berman SA Fotios and C Cheal
We give our thanks to Dr Boyce and Dr Berman for their critical comments as these allow the discussion to be extended.
Firstly, we would like to describe the evolution of this article. The original study was not carried out to examine stimulus frequency bias but was an exercise in brightness judgements. The illuminances chosen for this work were those specified in the S-series of BS13201-2:2003 and we adopted a quasi allpossible-pairs approach. Our tests included a null condition, seeking a forced choice brightness judgements between two stimuli of equal SPD and illuminance, and it was from these data that we noted a bias. A possible explanation was found in the psychology literature. The second series of tests were carried out taking account of this explanation, and judging by the results from these new null conditions, it appears to be a plausible explanation. We are not able to confirm that it is the true explanation but since the theory and experimental evidence agree then we can place some confidence in the conclusion.
This study raises an important issue, that of null condition trials and the reliability of experimental work. Null condition trials allow an experimental apparatus to be validated, i.e. is a neutral response received when the stimuli are equal? Without the null condition data, the bias in the original study of this article would not have been noted, and the results perhaps accepted without further question. Unfortunately, many of the previous studies investigating brightness, illuminance and lamp SPD have failed to include null condition trials and this reduces the confidence that can be placed in their findings.
Every technique of brightness assessment has its limitations, in terms of experimental bias, relationship with real-world visual environments and quality of the data obtained.
Therefore, multiple assessment techniques should be used, and if these separately point toward the same conclusions then more confidence can be placed in those conclusions.
The first series of tests, with the biased stimulus frequency used four groups of observers. These were three younger age groups, each group being presented with a different level of interior colourfulness, and one older age group at the middle level of interior colourfulness. The second series of tests with the balanced stimulus frequency used only younger subjects at the middle level of interior colourfulness. In analyses the data set for the biased tests comprised that of all four groups. Boyce questions whether differences between these data sets are important. We consider the differences are not important in this case. There are two reasons for this. Firstly, the results from all four sub-groups of the biased tests tend to follow the same trends -the departures from 50% are in the same direction, although these differences are not always statistically significant. Secondly, these data arise from null-conditions where the two stimuli are identical (same SPD, illuminance and interior surfaces) and there is no physiological basis to expect an effect of observer age or interior colourfulness when comparing these identical stimuli.
The biased and balanced null condition data do have different sample sizes. For a given level of significance ( p) the critical value of the Dunn-Rankin statistic changes with sample size, becoming larger for larger sample sizes. The data set in which the null hypothesis of no significant difference was retained (balanced tests) has a smaller sample size (n ¼ 18) and hence a smaller critical value of Dunn-Rankin than the data set in which the null hypothesis was rejected (biased tests, n ¼ 21). To retain the null hypothesis requires that the calculated statistic is less than the critical value, and hence by good fortune these differences in sample size have presented a more demanding test for the acceptance and rejection of the null hypotheses.
As to the question of determination of the balance point (equal brightness) before allocation of stimuli, there are several methods for estimation -pilot studies, predictions from previous experimental work, application of tentative brightness models. If multiple techniques of brightness assessment are used in a research programme, findings from other methods can be used to guide choice of the balance point.
Boyce raises an important question relating to the response range permitted in two-stimuli presentations. Some work, including the current study, has used the forced choice whereby test participants must identify one stimulus as being brighter even on those occasions where the two stimuli appear equally bright. Other studies have allowed the additional neutral response, that the two stimuli are equally bright. The forced choice procedure is used in order to control possible differences in the decision criterion used by different observers or by the same observer for subsequent presentations. 1, 2 If the response option of 'no difference in brightness' were allowed then over-cautious observers might be content to use this response unless they see a clear difference in brightness whereas others may be always prepared to identify one side as being brighter. The forced choice also avoids a response contraction: if the difference of brightness between two stimuli is real, but small, permitted use of the equally bright response may hide this difference. The forced choice relies on the assumption that subjects will randomly choose between two apparently equal stimuli with equal frequency. In the current work this assumption appears to have been met in the balanced study. That the results of the biased null condition tests do tend to depart from 50% may be a failure in the assumption of random distribution rather than the proposed stimulus frequency bias.
The question of forced choice or permitted neutral response demands further discussion.
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Our suggestion is that the forced choice is maintained, but that test participants are permitted the optional supplementary response that the two stimuli appear equal.
Berman suggests an alternative explanation for the bias noted in the experimental workthat the LHS and RHS eyes are adapted to different luminances and thus, at the null condition, physically equal stimuli do appear to be different. We suspect that this is not an appropriate explanation of the current data because the viewing geometry suggests there would be little difference in the light reaching the two eyes. Consider the right-hand eye: the aperture of right-hand booth presents a visual field of width 348 32 0 whereas the left-hand booth presents an aperture of width 338 18 0 . Similarly, from the viewing distance of 1 m, there is negligible difference in the distance between each stimulus and an observer's two eyes. Further work is needed to determine if such differences are significant. Comparing the same stimuli using simultaneous haploscopic presentation may provide some clarification.
Berman also raises two further issues that relate to the validity of the method for gathering data on the brightness response rather than to stimulus frequency bias itself.
The first questions whether the side-by-side method of presenting two stimuli can be extrapolated to the real application of street lighting because of the mixed SPD reaching the eyes. We would agree with this view if the end user always made the judgement of brightness following complete chromatic adaptation to the SPD of a single stimulus, but suspect this is not the case. The sideby-side presentation is far from real experience but we suspect that real experience lies somewhere between the two extremesjudgements of side-by-side presentations and judgements of a single stimulus following adaptation. Hence in our comparison of the brightness of lighting from different lamps we used both methods. 3 Berman questions the nature of the brightness judgements, whether these were comparing the brightness of particular objects or of the whole of the illuminated environment. This comment arises because the test booths contained small, coloured objects, rather than being empty spaces. The chromatic content of the exterior environment has yet to be characterised, so the initial tests used three levels of colourfulness, using the coloured objects, to determine how colourfulness affected the brightness judgements. In tests, the participants were instructed to base their decision on the amount of light in each side and were told not to make a judgement on any one object but to make a judgement of the overall environment. We would therefore expect a response tending towards spatial brightness.
In response to the further detail sought by Berman: There were no time limits set upon the judgements -test participants were free to respond at any time following the presentation. The test participants were instructed to appraise the whole of the interior environment of the booths, rather than a fixed gaze at the border partition, and were free to move their eyes and head to do so. The different illuminances were presented in a balanced order to counter order effects.
